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TAR SAND TRIANGLE - THE U.S. LARGEST TAR SAND DEPOSI T?
by
G F. Dana!, R L OQOiver? andJ. R Elliott?

ABSTRACT

The Tar Sand Triangle is located in southeastern Uah between
the Dirty Devil and Colorado Rivers and covers an area of about 200
square mles. The geology of the area consists of gently
nort hwest dipping strata exposed in-the box canyons and slopes of the
canyonl ands norphology. Strata in the area range in age from Jurassic
to Perman. The majority of tar sand saturation is found in the Perman
Wiite R m Sandstone Menber of the Cutler Formation. The Wite R m Sand-
stone Member consists of a clean, well-sorted sandstone which
was deposited in a shallow marine environment. Resources were cal cul ated
from anal ytical data fromthe three coreholes drilled by the Laranmie
Energy Technol ogy Center and other available data. The
total in-place resources, determined fromthis study, are 6.3 billion barrels.
Previous estimates ranged from 2.9 to 16 mllion barrels. Mre coring

and analyses will be necessary before a nore accurate determ nation of
resources can be attenpted.

Western Research Institute, Laramie, Wom ng

U.S. Department of Energy/Associated Western Universities, Inc.

under cooperative contract at the Western Research Institute,
Laranmi e, Woni ng

3 Earth Engineering and Eval uation, Larame, Woning



| NTRCDUCTI ON

The Tar Sand Triangle is located in the triangular shaped area
between the Dirty Devil River and the Colorado River in southeastern
Uah (Figure 1). The tar sand deposit covers an area approximately 10
by 20 miles with an areal extent of about 200 square nmiles. The majority
of the area is shown in the southeast corner of the Salina 1° x 2 topo-
graphic sheet in the eastern portions of Garfield and Wayne Counties
(Figure 2). Mich of the deposit underlies Federal lands. A few hundred
acres in the northeastern part are within Canyonlands National Park and
about half of the area is within the G en Canyon Recreation Area (Figure
3). The Triangle can be reached fromthe south by State Hi ghway 95
which runs from Blanding to Hanksville, Uah. Access fromthe north is
by all weather gravel roads.

Many exploratory wells have been drilled in the Tar Sand Triangle
The locations of these wells are shown on the base map in Figure 3
Wells identified with nunbers have infornation available to the public,
which is listed in Table 1. Those |abeled with letters have no avail -
able analytical data. These wells are listed in Table 2. Wells [abeled
with a "P' designate proprietary wells, whose approximte |ocation and
operator (if known) are listed in Table 3. Gamma ray geophysical |ogs
and/or core and cuttings descriptions are available for many of the
wells listed in Table 1. These data sources were used to select for-
mation tops which served as control points for the construction of
structural and strati graphic cross sections. Tables 4 and 5 list this
data in depths and feet above sea |evel

Previous |nvestigations

Di scussion of previous investigations is limted to public informa-
tion. A number of private conpanies have conducted resource investi-
gations in the Tar Sand Triangle. One conpany has conducted a short-term
in situ experinent in the area but alnmost all of the data is proprietary.
A nunber of geophysical logs were used in stratigraphic correlations and
several sources were used to pick geologic formation and nenber tops and
bases.

One of the major contributors to information on the Tar Sand Tri-
angl e has been Howard Ritzma, former enployee of the U ah Geol ogi cal and
M neral ogi cal Survey, who has, with others, evaluated nost of the tar
sand deposits in Uah (Ritzma, 1969; Canmpbell and Ritzma, 1979). Hs
field work and other investigations have resulted in the highest estimte
of 12-16 billion barrels of oil in place. Recent estimtes by Lew n and
Associates (Interstate Gl Conpact Conmission, 1984) resulted in |ower
estimates. Mre characterization and corehole data is required to
resolve the resource estinate.
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Figure 1. Location map for the Tar Sand Triangle,
southeastern Utah.



Scale

Figure 2. The Tar Sand Triangle area showing topography
and approximate boundary of the deposit.
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TABLE 1.

WELL DATA AVAILABLE FROM THE TAR SAND TRIANGLE AREA,

SOUTHEASTERN UTAH

TOP WRSS BOT. WRSS TH CKNESS
TOTAL DEPTH (FT DEPTH (FT.) WRSS (FT,)
HAP | COWPANY NAVE VELL NAME LOCATI ON ELEV (FT.) DEPTH (FT.) (ELEV. (S (ELEV. (S.L.) ((SATURATED) COWENTS
1 Frank H 11 Wi t ney- 29S, 14E, 5818 gr 5018 2070 253D 460
Wi t ney Federal Sec. 23, (3748) (3288) "
SE \W
2 Conoco 11 Hoover - 29S, 15E, 6249 kb 6886 2205 2635 430
Federal Sec. 20, (4044) (3614) <--
SENE
3 Mountain Fuel #4 Dirty Devi 30S, 14E 5477 kb 4494 1670
Supply Co. Uni t Sec. 15, (3B07) ™ ™
(SW SESE
4 Skyline Gl Co.  #6-11 Federal 30S, 16E, 6415 kb 2156 1955 >20 T.D. in Wite Rin
Sec. 6, (4460) ™ ™
NWNW
5 Sagadahoc Gl 11 Skyline 30S, 16E, 6362 gr 1712 1470 >240 T.D. in Wite Rn
i Gas Corp. State Sec. 18, (4892) () (50)
6 Qa1 Devel opnent  116-1 Gordon 305, 16E 6298 kb 1676 1420 >230 T.D. in Wite Rn
Co. of Uah Flats Wit  Sec. 16, (4878) @) .(58)
SWSE
61 a4l Developnent 119-1 Gordon  30S, 16E, 6231 gr 1735 1530 >210 T.Q in Wite Rn
Co. of Uah Flats Wit  Sec. 19, (4701) ™ (82)
(SWNE) NE SE
7 Sagadahoc Q1 #2 Skyline 30S, 16E, 6381 gr 1581 1344 >240 T.D. in Wite Rin
Gas Corp. Federal Sec. 22, (5037) (") (>89)
NE NW
8 01) Devel opment ' #22-1 Gordon  30S, 16E, 6542 kb 1670 1392 1656 264
Co. of Uah Flats Lnit  Sec. 22, (5150) (4886) (20D)
(SE NE N
SWNe
9 Phillips 11 French 30S, 16E, 6465 kb 5916 1390 1618 228
Seep Lnit  Sec. 27, (5075) (4847) (115)
SE NW
10 Mbil GI Corp.  #41-33 3075, 16E, 6604 df 4380 1425 1610 185
Robbers Roost Sec. 33. (5179) (4994) (>130)
NE NE
1 LETC/ DCE TST-2 30HS, 16E, 6812 gr 1582 1412« >1580 >168 O pad of Shell #6
Sec. 35, (5400)* (>5232) (>163) (Estimated thickness
(SE) NWNW of WRSS for Shell
16 « 239'?)
12 Standard Ol #1 Bart Hesi 31S, 13E, 4499 gr 4390 S13 870 357
of California Sec. 13, (3986) (3629) "
(NE) SWSE

*

Est | «at ed.

> Wite Ra Sandstone, gr * ground level, kb -

Kell y bushing, df -

derrick floor



TABLE 1. (Continued)

TH OKNESS
TOTAL TP Vit SS BOT. WitSS WRSS (FT.)
MAP #  OCVPANY NAME VELL NAVE LOCATI QN HEV (FT.) CEPTH (FT.) CEPTH (S.L.) DEPTH (S.L.) ( SATURATED) COVVENTS
13 Kirkwood 114-36 31S, 14E, 4823 gr 1000 200 435 235
& Gas Technol ogy Sec. 36, (4623) (4388) (14)
(NE) SE SW
14 Kirkwood QI 144-4 Vhite  31S. 15E, 6034 gr 1640 1400
» Gat Kin Sec. 4, (4634) " >156
(SE) NESE
IS Kirkwood QI 123-8 Magnus  31S, 15E, 5084 gr 1100 483 854 371
& Gas c. 8, (4601) (4230) (>57)
(SE) NWSE
16 Kirkwood Gl #44-15 31S, 15E. 321 gr 1000 507 810 303
| Gis Garfield Sec. 15, (4814) (4511) (124)
(W s
17 Kirkwood QI #21-15 318, 15E, 6127 gr 1800 1424
t Gis Wnfield Sec. 1S, (4703) @) (186)
(NE) NENW
16 Kirkwood Gl #14- 15 31S, 15E, 5307 gr 1540 529 830 301
I Gas Rei i fngt on Sec. IS, (4778) (4477) (169)
(N swsw
19  Kirkwood Ol #34-16 State  31S, 15E, 5058 gr 620 325 >620 >295 T.D inWite DIi
t Gt Sec. 16, (4733) (4438) (175)
SWSE
20  Superior Al Co. #22-19 Wah  31S, ISE, 4830 kb 4306 244 577 333
Southern-Govt  Sec. 19, (4606) (4273) (190)
SE W
21 Ki rkwood 4l #22-20 Monroe 31S, 15E 4988 gr 806 307 643 336
t Gas Sec. 20, (4681) (4345) (86)
(NE) SENW
2 Krkwod Gl #33-29 31S, ISE, 5060 gr 700 228 487 259
I Gas Q onvel | Sec. 29, (4832) (4573) (60)
(N SWsE
23 Kirkwod Gl #44-32 State  31S, 15E, 5001 gr 700 110 341 231
t Gt Sec. 32, (4891) (4660) 3
(SE) & SE
24 LETQDCE TST-J 31S, 16E, 6882 gr 1398* ., i Abandoned at
Sec. 2, (5484)" @) <) 1482 ft. inthe
(NE) SwWsw Wite Rl»
25  LETODE TST-4 31S, 16E, 6859 gr 1555 1J95* 1525* 130¢
Ste. 18, (5464)» (5334)* (1)



2B-1

COVPANY NAMVE

Ki rkwood Q1
S. Gas

Ki rkwood Q1
S. Gas

Texas Pacific
Coal &4l Co.

Ki rkwood @l
S. Gas

Shell QI Co.
Shell @l Co.

Gl Devel opnent
Co. of Uah

Shell Gl Co.

Ki rkwood Q|
& Gas

Tennessee Gas
Transmi ssi on

Sinclair 4l

Tennessee Gas
Transni ssi on

Tennessee Gai
Trantal i son

VELL NAME LOCATI ON
I H-2 State  32S, 15E
Sec. 2

(NW NWVNW
131-16 State 32S, 15E,
Se

c. 16,
(NE) NWNE
11 USA-Rock 32S, 15E

Canyon Sec. 33,
(O NWAE

134-166 State 31S, 15E
Sec. 16,
SWSE

#1 30S, 16E,
Sec. 17,
SWNW

#l 30S, 1EE,
Sec. 21,
(NE) NENE

127-1 Cordon  30S, 16E,
Flats Unit Sec. 27,
NE SE

19 30S, 16E,
Sec. 27,
NV NE

134-16A State 31S, 15E
Sec. 16,
SWSE

TGIS 33 29S, 12E,
Sec. 33

#1 Oange 29S, 16E,
diffs Sec. 8,
SW SE

I1-A USA- 31S, 12E,
Poi son Springs Sec. 4,
(SW SWNE

12-A USA- 31S, 12E,
Potion Springl Sec. 4,
NE SE

TABLE 1. (Continued)

TOTAL
CEPTH (T.)

ELEV (FT.)

5320 gr 50
5535 gr 1780
5400 gr 5087
5058 gr 800
6163 kb 1798
6333 kb 1E40
6567 kb 1680
6540 kb 1677
5088 gr 40
5874 gr 6675
4889 gr 6491
4883 gr 5358

TH CKNESS
TGP WRSS BOT. WRSS WRSS (FT.)
CEPTH (S.L.) CEPTH (S.L.) ( SATURATED) COWENTS
140 320 180
(5180) (5000) (84)
397 585 188
(5138) (4950) (26)
130 290 160
(5270) (5110) (80)
287 Located very
(4771) ™M 178? close to KiTk-
wood Gl & Gas
#34-16 State
(*19 on Map Key)
1481 W >167
(4682) @) (>77)
1375 ., >197
(4958) ™ (>161)
1432 1645 213
(5135) (4922) (196)
1428 1677 249
(5112) (4863) (249)
319
(4769) @) (>118)
2260 2460 200 Qit of base
@ o) @) map area
1640 1954 324 Qut of base
(4234) (3910) @) map area
2273 2725 452 Qit of base
(2616) (2164) (-) map area
2252 2668 416 Qut of base
(2631) (2215) @) nip area



TABLE 2.

*

WELL LOCATIONS WITH NO

COVPANY  NAME

Texaco

MIlard

Texas Production

Shell 4l Co.

LETC OCE

QOil Oevelopntnt Co.

QOil Development Co.

Sagadahoc Oil 4 Gas

Sagadahoc Oil 4 Gat

Altex Oil Co.

Shell Oil Co.

QOil OevtlopMnt Co.

QOil Development Co.

Shell Oil Co.

Kirkwood Oil 4 Cat

Kirkwood Oil « Gas

Kirkwood Oil « Gas

Estimat ed

VELL NAVE
li
TST-1
of Utah
of Utah
Corp. fl Federal
Corp. 13 Skyline State

fl  Government

of Utah
of Utah
16
134- 16C
134-160

141-20 Etsttx

LOCATI ON
29S, 16E, Sec. 34
SE SE

29S, 16E, Sec. 35
(SW SwNw

30S, 16E, Sec. 3
NW NW

30S, 16E, Sec. 11
NW NE
30S, 16F, Sec. 11
(SW NWNE

30S, 16E, Sec. 13
SWSE
30S, 16E, Sec. 14
SW SE
308, 16E, Sec. 15
N NE
308, 16E, Sec. 16
NW SE
30S, 16E, Sec. 26
(SE) NWSwW
30S, 16E, Sec. 27
SE NW
30S. 17E, Sec. 19
SW SE
308, 17E, Sec. 30
NE SE
3058 16E, Sec. 35
NV NW
31S, 15E, Sec. 16
Swse

31S, 15E, Sec. 16
SW SE

31S, 15E, Sec. 20
(NE) NENE

ELEV (FT)

6550 gr*

6705 gr

6423 kb

6406 gr

5020 gr*

6645 gr
6280 gr*
6614 gr

6626 kb
6470 gr*

5423 gr

5058 gr

5058 gr

4941 gr

TOTAL
DEPTH (FT)

2200

1963

1220

1727

1666

AVAILABLE ANALYTICAL DATA, TAR SAND TRIANGLE, SOUTHEASTERN

COMVENTS

Reported no saturation

Abandoned at 1200" in
Moenkopi on pad of Shell
18

Sanme pad as 111
Located very close to 119

Located very close to 119

UTAH



TABLE 3.

COREHOLES IN THE TAR SAND TRI ANGLE W TH PROPRI ETARY STATUS

Map # Conpany Nane Vel Nane Location

P-1 Shell Al Co.. 30S, 16E, Sec. 24,
SWNW

P-2 Shell Al Co.. 30S, 16E, Sec. 25,
SW SW

P-3 Shell 4l Co.. 30S, 16E, Sec. 26,
SE SW

P-4 Unknown. 31S, 15E, Sec. 11,
SW NE

P-5 Unknown. 31S, . 15E, Sec. 22,
SWNW

P-6 Unknown. 31S, 16E, Sec. 8,
SE NW

p-7 Unknown. 31S, 16E, Sec. 10 (?),
NE SE (?)

P-8 Vv Unknown (Arco?). 32S, 15E, Sec. 2
NE SW(?)

P-9 Unknown (Arco?). 32S, 15E, Sec. 4
SE NW (?)

Locations identified from"Myjor Tar Sand and Heavy Q|
Figure 125, page 209.

Deposits of the U.S.",



TABLE 4. FORMATION TOPS, IN DEPTHS AND FEET ABOVE SEA LEVEL, PICKED FROM GAWA RAY LOGS

KAP I NAVAJIO KAYENTA  WNGATE CHNE MBS BACK HOENKCP) WPPERWVHTERM  WHTERH CRGAN ROK CEDAR MESA CLDER PERH AN
(mev) (SL) (S.L.) (sL) (S.L) (S.L.) (S.L) (S.L.) (s.L) (S.L.) (S.L.) (S.L)
1 2010 2070 2530 2640
(5818) (3808) (3748) (3288) (3178)
2 225 745 1015 1315 1715 1765 2160 2205 2635 2755 3590
(6249)  (6024) (5504) (5234) (4934) (4534) (4484) (4089) (4044) (3614) (3494) (2659)
4 e 490 740 1015 1410 1510 1910 1955
(6415) (5925) (5675) (5400) (5005) (4905) (4505) (4460)
5 e e 245 570 970 1070 1450 1470
(6362) (6117) (5792) (5392) (5292) (4912) (4892)
6 e - 185 505 915 1005 1395 1420
(6298) (6113) (5793) (5383) (5293) (4903) (4878)
6-1 e e 1500 1530
(6231) (4731) (4701)
8 e e 197 502 930 1000 1360 1392 1656
(6542) (6345)" (6040) (5612) (5542) (5182) (5150) (4886)
9 e e 175 478 868 988 1330 1390 1618 1768 2642
(6465) (6290) (5987) (5597) (5477) (5135) (5075) (4847) (4697) (3823)
10 e — et 1390 1425 1610 1750
(6604) (5214) (5179) (4994) (4854)
12 oo e e 470 513 870 1040
(4499) (4029) (3986) (3629) (3459)
13 " oo - 180 200 435 590
(4823) (4643) (4623) (4388) (+1233)
15 e 56 460 483 854 899 :
(5084) (5028) (4624) (4601) (4230) (4185)
20 e 195 244 577 700
(4850) (4655) (4606) (4273) (4150)
23 e 85 110 341 488
(5001) (4916) (4891) (4660) (4513)
26 125 140 320 435
(5320) (5195) (5180) (5000) (4885)

27 — 380 397 585 800 1642
(5535) (5155) (5138) (4950) (4735) (3893)
28 — e 130 290 500 1310
(5400) (5270) (5110) (4900) (4090)

Upptr niabtr * depth In fttt
(lowtr mafctr) « fttt ibovt >tt Itvtl



TABLE 5.

FORVATI ON TOPS,

IN DEPTHS AND FEET ABOVE SEA LEVEL,
PI CKED FROM CORE AND CUTTINGS DESCRI PTI ONS

WP * M NGATE CHNE MBS BACK HOENKCPH UWPPER WHTE RH WA TE RH RGN ROK CEOAR MESA
(ELEV.) (sL) (sL) (sL) (sL) (sL) (sL) (S.L.) (SL)
1 180 580 950 1005 1412
(68)5) (6635) (6235) (5865) (5810) (5403)
14 680 ? 1060 1320 1400
(6034) (5354) ? (4974) (4714) (4634)
16 ? 110 450 507 810 820
(5321) ? (5211) (4871) (4814) (4511) (4501)
17 — 450 7 1020 1352 1424
(6127) (5677) 7 (5107) (4775) (4703)
1S ? 160 470 529 830 840
(5307) (5147) (4837) (4778) (4477) (4467)
19 — — 250 325
(5058) (4808) (4733)

a —_ 2G4 307 643 680
(4966) (4724) (4681) (4345) (4308)
22 184 228 487 556
(5060) (4876) (4832) (4573) (4504)

24 2007 610 925 1010 1398
(6682) (6682) (6272) (5957) . (5872) (5484)
25 155 570 930 990 1395
(6859) (6704) (6289) (5929) (5869) (5464)
Upper Nunber ' Cepth tn feet

(Lower Number) * Feet above sea |evel



GECLOGY

The geology of the Tar Sand Triangle consists of northwest gently
di ppi ng Pal eozoi ¢ and Mesozoic strata with only minor fracturing and
faulting. The general geology of the area is shown in Figure 4.

Surface Features

The area of study lies in the mddle of the Canyonlands section of
the Colorado Plateau in southeastern Uah. It is renote and rugged with
flat-topped mesas, vertical cliffs, and deeply incised canyons (Figure
2). The area lies north and west of the Colorado River between the
Dirty Devil River on the west and the Geen River on the east. The
Navaj o Sandstone, Kayenta Formation, and W ngate Sandstone form the
pronounced cliffs and cap the high mesas in the area. Beneath the
massive, vertical cliffs formed by outcrops of these units are steep
slopes of the Chinle and Menkopi Formations. The oil saturated Wite
R m Sandstone forns an escarpnent west of the Col orado River.

The |andscape represents erosion of essentially flat-lying or
gently dipping strata in an arid to semi-arid region producing |ocal
relief of up to 3,700 feet. The topographic features are controlled by
the relative conpetence of rock layers. Infrequent heavy rains with the
resul tant high runoff and erosion of both conpetent and softer rocks
produce the steep cliffs, benches, and slopes that characterize the very
angul ar topography. This rugged topography poses significant constraints
for access and operations. Although mesas are essentially flat-topped,
crossing between mesas is very difficult due to vertical cliffs and deep
canyons. Access fromthe mesa tops into the canyons is difficult due to
the terrain and unstable slopes.

Structure

The Tar Sand Triangle is located on the northwest flank of the
Monunment Uplift, a north-trending anticlinorium extending 75 niles south
into northern Arizona, between the Henry and Abajo intrusive mountains.
Strata in the area dip gently (1° to 3°) to the northwest. Mnor nornal
faulting, with displacenments of generally less than 50 feet, is present
in the area. The general structure of the area is shown on the dia-
granmmatic cross section in Figure 5. The Wite R m Sandstone dips
general ly northwestward to depths of approxinmately 1500 feet at the
oil -water contact along the western edge of the deposit. The structure
of the Tar Sand Triagle area is shown in detail on the fence diagram on
Plate I. The northwest dip of strata in the area is shown on cross
sections B-B and C-C. (Cross section A-A' parallels the strike of the
beds and exhibits the stratigraphic relationships discussed in the next
section. The structural configuration of the top of the Wite Rm
sandstone is shown on the structure contour map in Figure 6. The general
trend of northwest dip is shown with north and west dips represented in
the northeast and southwest parts of the area, respectively.

-13-
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GEOLOGIC STRATA BOUNDARIES
S J;-"-:! Juratsic
z North
|_Tf | Trianic VftVvft - " ~ i ~ Canyonlands National Park
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Stratigraphy

The Tar Sand Triangle deposit is in the Paradox Basin along the
northwest end of the Mnunent Uplift. The area contains Pal eozoic and
Mesozoi ¢ sedinmentary rocks that dip gently into the basin towards the
northwest. The strati graphic units present in the area are shown wth
brief lithol ogic descriptions in Figure 7. Mjor units in the area are,
in descending order, the Jurassic (or Late Triassic and Jurassic) Navajo
Sandstone, the Triassic/Jurassic (?) Kayenta Fornmation, the Triassic
(and Early Jurassic?) Wngate Sandstone, the Triassic Chinle and Menkopi
Formations and the Perm an Cutler Formation which contains the Wite Rm
Sandstone, the najor oil bearing unit in the area.

Navaj o Sandst one

The Jurassic Navajo Sandstone is a buff to gray sandstone with some
orange-red, fine-grained sandstone and thin l[inmestone. The Navajo is
characterized by large-scale, tangential cross-bedding indicative of its
eolian depositional environment. In this area, it is found as high
domes capping the highest parts of the mesa. The Navaj o Sandstone in
this area is 420 to 550 feet thick and lies conformably on the Kayenta
For mat i on.

Kayenta Formation

Underlying the Navajo Sandstone is the Triassic/Jurassic (?) Kayenta
Formation which consists of grayish-maroon, fine- to coarse-grained,
irregularly bedded sandstone with siltstone stringers. The Kayenta
weat hers to an orange-red color and forns both vertical cliffs and
irregular ledges. These ledges are the source for springs in nost areas
and locally seemto be the source for French Spring and Flint Spring.
Due to erosion, little of the total thickness of this formaton renmains
where found in outcrop, but enough remains to protect the softer under-
lying Wngate Sandstone from erosion. \Where present in the northern
part of the area, the total thickness of the Kayenta Formation ranges
from 270 to 300 feet.

W ngat e Sandst one

Lying conformably under the Kayenta Formation is the Wngate Sand-
stone of Triassic age. In outcrop, the Wngate forns very high, vertical,
nearly columar cliffs and box canyons. Its red-brown to |ight orange-
red colors are nostly responsible for the "Orange Cliffs" which formthe
high mesas in this area. \When fresh cuttings are obtained fromthis
formation, the sandstone varies fromvery fine to fine-grained and from
white to buff to light pink with sone stringers of red and pink slightly
silty shale. Cross-bedding is evident in some sanples. \here present
in its entirety in the northern part of the area, the Wngate is 300
feet thick and it rests conformably on the Chinle Formation.

Chinl e Formation

CGenerally, this formation consists of silty red, green, naroon, and
purple shales with |lenses of sandstone. Thin |inestone and cal careous
siltstone may be encountered locally along with sonme rather nmassive,
fine-grained, l|ight red-orange sandstone. The Chinle is 400 feet thick
t hroughout nost of the area, but shows some thinning to the south and
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Age Unit Lithology | Column Thickness (in feet)

Buff to grey
sandstone
with some
thin limestone.

420-550

SRARSICAS

Grey, buff, red

and lavender
Sef coarse sandstonefr

and siltstone.

Buff and light
red medium-

I I grained sand-
stone.

270-300

Red siltstone,
mudstone, and -
sandstone with [
some thin
limestone.

8 N 88

nght grey to dgrey
sandstoné an
5 @ 5 conglomerate.

Red, red-brown,
1 and brown mud
stone and sand |
stone with some
conglomerate
and gypsum.

400-500

Buff, red, and

purple arkosic

sandstone.
5W

Red and green
siltstone and
shale with some
sandstone.

DC Massive, cross-
LU bedded, white
to pale red
0 sandstone
with thin,
cherty lime-
stone.

700-800

* Minor Zones of Oil Impregnation

| Major Zones of Qil Impregnation

Figure 7. Lithologic column for strata present in the
Tar Sand Triangle of southeastern Utah.



sout heast (see stratigraphic cross section DD of Plate Il; Figure 8).
This thinning probably represents onlapping of this formation onto the
Unconpahgre Uplift to the northeast and/or onto an uplift to the south-
east informally naned the Ancestral Mnunent Uplift in this paper. The
uplift probably had a structural separation of only a few hundred feet
and it was probably associated with the Permian and Triassic tectonics
exhibited in this region by the Unconpahgre and Ancestral Rocky Mountain
Uplifts.

Five to 50 feet above the base of the Chinle, a facies change in
some localities has resulted in the deposition of a thin (3 to 7 ft) bed
of coal and carbonaceous shale. The coal appears to be subbitum nous in
rank and is relatively clean, bright, and brittle. The coal bed could
be used as a marker bed when exploring for tar sand in this area. A
t hi ckening towards the southeast in "the section of rock between the Mss
Back Menber and the coal is evident as shown on the lithologic colum
cross section in Figure 8.  The pal eo-environnent seens to have been
consistent with a systemthat results in the deposition of fine- to
coarse-grained sandstone, i.e. a braided streamor flood plain environ-
ment. It is conceivable that the coal facies was deposited in a poorly
drai ned swanmp environment on the periphery of a hydrologic |ow which
received clastic influx for a short time from the Ancestral Mnunent
Uplift to the southeast. Coal deposition took over as hydrol ogic gra-
dients decreased and the |ow becane filled or nearly filled with sedi-
ment. Oher evidence for the Ancestral Mnunment Uplift is seen in the
unconformably underlying Mss Back Menber of the Chinle.

Mbss Back Menber

The Triassic Mss Back Menber (also nanmed Shinarunp and Monitor
Butte menbers) of the Chinle Formation is a light gray to gray sandstone
and conglonerate. It ranges in thickness from50 to 150 feet and is
unconformable at both its upper and |lower contacts. These contacts are
general ly erosional in nature. The general trend shown on the fence
diagram in Plate | is a thinning towards the northwest although thick-
nesses are locally variable as shown in cross section DD' on Plate II.
The lithologic colum cross section in Figure 8 shows a definite trend
of thinning and fining of facies towards the north-northwest. This is
further evidence of the proposed Ancestral Mnument Uplift to the south-
east as conglomeratic detritus shed off the uplift grades into coarse-
to fine-grained alluvial plain deposits towards the northwest, away from
the uplift. Another probable source of Myss Back detritus was the
Unconmpahgre Uplift located to the northeast of the study area.

Moenkopi  For mati on

The Triassic Menkopi Formation is primarily a reddi sh-brown and
gray-green nudstone with gray-green siltstone, some of which is cal-
careous. The top of the formation is narked by a massive, fine- to very
fine-grained, light green sandstone. M nor zones of saturation are
present in the basal sections of the Menkopi. The presence of fossil-
i zed nudcracks, raindrop inprints, and salt casts, plus the color and
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character of the sediments are all suggestive of a continental tidal
flat or alluvial plain depositional environnment. The Menkopi ranges in
t hi ckness from 400 to 500 feet and unconformably overlies the Perm an
Cutler Formation.

Cutler Formation

This Permian formation lies stratigraphically bel ow the Menkopi
Formation and was derived fromthe Late Pennsylvanian to Early Perm an
Uncompahgre Uplift to the northeast of the study area and the proposed
Ancestral Mnument Uplift to the southeast. Facies changes nodify the
coarse clastic nature of the undifferentiated Cutler Formation east of
the study area into five distinct but stratigraphically conmplex units in
the Tar Sand Triangle locale. These are in descending order: 1) the
informal |y designated upper nenber of the White R m Sandstone, 2) the
White R m Sandstone Menber, 3) the Organ Rock Shale Tongue, 4) the Cedar
Mesa Sandstone Menber, and 5) a basal unit which interfingers north-
westward with the El ephant Canyon Fornation, herein designated as ol der
Perm an strata, undivided.

Upper Menber of the Wiite R m Sandstone

In core descriptions from Kirkwood G| and Gas (witten comunica-
tion) this informal upper nenber of the White R m Sandstone is described
as interbedded or interlayered dolonmte and sandstone. It ranges in
thickness fromO0 to 75 feet and often shows oil saturation. This strati-
graphic unit commonly appears as a strong kick (increasing) on gamma ray
l ogs. The upper contact is unconformable and appears to be erosional in
nature (see cross sections on Plate Il1). It also pinches out a few
mles northwest and west (seaward) of the White R m Sandstone pinchout
along the Orange diffs. This unit perhaps fornmed froma sandy |inestone
deposited as the Late Permian sea regressed. The regression resulted in
subaerial exposure of the deposit, causing dolomitization and erosion of
the surface prior to continental deposition of strata of the Menkopi
For mat i on.

White R m Sandstone Menber

This nenmber of the Cutler Formation is a light gray to reddi sh-brown
sandstone which forns cliffs and irregular |edges in outcrop. Consider-
able oil inpregnation occurs in the Wite Rmresulting in tar sands
which vary fromlight to dark brown. It thickens to the northwest in a
clastic wedge ranging fromO to 450 feet in thickness. An isopach nmap
of the Wite Rm Sandstone is shown on Figure 9. This menber inter-
fingers with beds of the underlying Ogan Rock Shal e Tongue.

Promi nent, large-scale cross-bedding led early workers to believe
that the Wite Rmwas deposited under eolian conditions. Baars and
Seager (1970), however, presented evidence to support a nearshore marine
environment of deposition. This evidence included tabular form of
cross-bed sets with a relatively low cross-strata dip of 15 to 28 degrees
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and foreset tops with | ong, sweeping shapes; and the common occurrence

of oscillation and interference ripples with a ripple index of 4 to 6.
Their cross-stratification studies indicated that the Wite R m Sandstone
was derived fromthe northwest and transported to the site of deposition
by sout heast noving |ongshore currents.

The Wiite R m Sandstone thins southeastward (see cross sections on
Plates | and I1) and forns an updip pi nchout in exposures just west of
the Colorado Rver. The pinchout is the trap for petrol eum accurul ation
in the Tar Sand Triangle. FErosion has dissected the trap allow ng for
oil seeps and devol atilization of the hydrocarbons present. The charac-
teristics of the reservoir will be discussed further in the follow ng
mai n section.

QO gan Rock Shal e Tongue

This unit of the Qutler Formation consists of red and green silt-
stone and shale with some light gray to red sandstone. It varies in
thi ckness from50 to 170 feet and generally thickens to the northwest
(Pate Il) with sone local variations. This unit was probably deposited
in a fluvial -coastal |owand environnent. The Organ Rock Shale inter-
firigers with beds of the underlying Cedar Mesa Sandstone Menber.

Cedar Mesa Sandstone Menber

The Cedar Mesa Sandstone consists of nmassive, cross-bedded, white
to pale red sandstone with sone thin, cherty linestone. It is 700 to
800 feet thick in the study area. Like the Wite R m Sandstone, the
Cedar Mesa was originally considered to be eolian, but sedinentary
structures indicate an aqueous depositional environment. The Cedar Mesa
conformably overlies ol der Perman strata.

RESOURCES
Reservoir Characteristics

The oil saturated deposit in the Tar Sand Triangl e consists of
several sub-areas known as the Haterite Basin, Fault Point, Red Cove,
Teapot Rock, Cove, Fiddler Cove Canyon, French Seep, North Hatch Canyon,
Qange diffs, South Hatch Canyon, and Gordon Flats (State of W ah,
1980) .

These sub-areas are all part of a single giant stratigraphic trap
and are not separate deposits as once believed. The original trap was
the updi p pinchout of the Wite R m Sandstone on the southeast nargin of
the Tar Sand Triangle along the Gange Aiffs. FErosion breached the
trap at the updip end first, and the downdi p end was then breached at a
later tine. This breaching allowed the dissolved gas energy and vol atile
constituents of the oil to escape and the formati on water drive on which
the oil reservoir floated was allowed to drain away (Wah, State of,
1980). At the present time, the viscous oil is probably nmoving slowy
downward and outward by gravity and percolation of nmeteoric water. The
eastern (or updip) limt of the deposit is at the perneability change
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caused by the lateral pinchout of the sandstone and the western limt is
at the inferred contact between original formation water and the petrol eum
fromwhich the tar was derived. The lints of the deposit are outlined

on the map shown in Figure 10.

The oil saturation occurs principally in the Wite R m Sandstone
and upper Wite Rm wth mnor saturation zones in the Cedar Mesa Sand-
stone, Menkopi Fornation, and Mbss Back Menber of the Chinle Fornation.
The Wiite Rm Sandstone is conposed of well-sorted, sub-angular to
subrounded, fine quartz grains with scattered grains or |amnae of
nedi um to coarse-grained, well-rounded, and frosted quartz. It is
poorly cermented and very friable. Canpbell and Rtzma (1979) reported
the pay thickness in a range from5 to 300 feet. An isopach map of
saturated thickness in the Wite Rm Sandstone is shown in Figure 10.
The deposit underlies a surface area’ of 126,720 acres which is outlined
on the isopach map. Depth of the Wite R m Sandstone ranges from surface
exposures on the southeast side of the area to depths of nore than 2, 000
feet on the northwest.

The oil-bearing strata are encased in organic-clean rocks excl udi ng
a local or nearby source for the hydrocarbons. The oil probably origi-
nated in the rich Phosphoria Formation, a lateral tine equival ent pre-
sent on the northwest (State of Wah, 1980). The oil probably m grated
prior to Laramde time over a distance exceeding 100 mles. Wlift and
erosion of the reservoir area then followed during Tertiary tine.

| sopach Map - Zones of Saturation

Information used to construct the isopach map of the zones reported
as saturated has been derived froma variety of sources including, but
not limted to, witten reports, geophysical and driller's |ogs, core
anal yses, and conmmuni cations wth peopl e experienced in the area.

Al though sonme saturation has been reported in the Mbenkopi, this section
is not included in the evaluation of the thickness of saturation as
reported in this paper. Oly the reported saturations in the Wite Rm
Sandstone were used in devel oping both the isopach map and the resource
map.

It is recognized that variations in saturation are present in nost
of the vertical geologic section. These variations have been identified
by both visual and analytical neans. The nmost definitive results are
core analysis data of porosity and oil and water saturation done for
each foot of core.

The isopach map of the reported total thickness of saturated sand-
stone (Figure 10) reveals 2 major areas of conparatively thick sections;
one in T30S, RI6E where values up to 249" have been neasured and one in
T31S, RI5E where values up to 190' are found. Several values on this
map are expressed in nunbers "greater than" (exanple >162') because
infornation is inconplete for the hole or the hole did not penetrate the
entire Wite Rmsandstone. Thus each value point on the map with such
a designation is not a firmnunber used as a control for contouring.
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Al numbers without the "greater than" designation are considered valid
data and are used in the construction of the map.

Qutcrop values were not used because of the variety of reported
values and due to the great potential for obtaining an exaggerated or
depressed value for the deposit by interpolating from outcrop observa-
tions. The values used by previous investigators are not thoroughly
docunented as to be used in this report. If future drilling and coring
in the vicinity of outcrops were to substantiate horizontal continuity
of saturated outcrops into the subsurface, then revisions would be nade
at that tine.

Resources Map and Cal cul ations

Information for calculating resources and constructing the resource

«ep (Figure 11) was obtained from 1) core analyses available to the
public and 2) an interpretation of resources made by Lewin and Associ ates
"interstate Gl Conpact Conmission, 1984) based on proprietary specific
c -ta. Although a nunber of conpanies have cored the Wite R m Sandstone
i.- the study atea, very few core analyses have been published or otherw se
.Jc available to the public. Thus, the values and control points for
"ir> resource map are interpreted from sparse data. An inportant part of
Us report is the analytical core data found in the Appendix which was
i«'ived fromcores drilled by the Department of Energy, Laram e Energy
"echnology Center in 1982. COher infornmation was obtained from private
tcrcpanies and the Uah Geol ogical and M neral Survey.

As in the isopach map of saturated sandstone zones in the Wite
Rm only subsurface infornmation was used. No analytical data is avail-
able from sanples taken from outcrops along the east edge of the deposit
or in the west and southwest where sone saturation is found in Wite Rm
outcrops, especially in Fiddler Cover and Hatch Canyons

The total in-place resources for the Tar Sand Triangle deposit were
calculated as follows. Barrels per acre yields were calculated for
eight well locations for which average reservoir porosity and average
percent oil saturation of available pore space values were avail able.
The barrels per acre value was calculated using the follow ng equation:
7758 x saturated thickness x average porosity x per cent of saturation
These yield values were then spotted on the base map and used as contro
points for the construction of the isogrammap (Figure 11). In conjunc-
tion with these control points, the saturated thickness isopach nmap in
Figure 10 was also used as a guide in the placenent of the lines on the
isogram  The isogram map represents four general zones within the
deposit area based on estimated hydrocarbon yields in barrels per acre
The four zones are: 1) >100,000 bbl/acre, 2) 50,000-100,000 bbl/acre,
3) 20,000-50,000 bbl/acre, and 4) <20,000 bbl/acre.

The geographic area within each zone was obtained by adding com
plete and partial sections. The nunmber of sections was then multiplied
by 640 acres/section to obtain an area in acres for each zone
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The in-place resources for each zone were cal culated by multiplying
the area times the average barrels per acre yield. A conservative val ue
of 110,000 barrels per acre was used for the >100, 000 bbl/acre zone
while md point values were used for the other zones. The results of
the cal culations are shown in Table 6.

Finally, the in-place resources for each zone were added to deter-
mne the total resources for the entire deposit area. The val ue obtai ned
was 6.3 billion barrels of oil in-place for the Tar Sand Triangle tar
sand deposit.

The two areas of greatest known potential are centered around
sections 16, 21, 22, and 27 of T30S, RI6E and sections 15, 16, and 21 of
T31S, RI5E  Subsurface investigation nethods have shown these areas to
contain substantial thicknesses of oil-bearing sandstone. It is recog-
nized that all of the vertical section is not fully saturated nor is it
uniformy porous, but available sources report ranges of 16 to 35 percent
average porosity and 5 to 80 percent oil saturation. Averages used in
determning the total resources were determned on a per hol e basis.

A though the nmap is expressed in isogramareas, the average yield in
those areas was used in calculating resources.

Leasing of Tar Sand Deposits

In 1981, Congress passed the Conbi ned Hydrocarbon Leasing Act to
provide the converting of existing oil and gas |leases into both oil and
gas and tar sand |leases. To take advantage of the opportunity, |ease
hol ders were required to apply for the new conbi ned | ease within two
years of the enactment. Mst of the |easehol ders filed and in the Tar
Sand Triangle, these anounted to 80 |eases covering 91,547 acres as of
the beginning of 1984. The leases are detailed in Table 7. The |oca-
tions of the leases were not included in this report, but all of them
i nvol ve some sort of in situ nethod for recovering the products. A though
the original law required projects to attain commercial production
within 10 years, the U S Bureau of Land Managenent is working on rnodifi -
cations to pernit |easeholders some flexibility in meeting that deadline.

A conparatively large anount of acreage, considered to be attractive
for tar sand devel oprment, is located in T30S, RI6E. (One-half of this
township is in the Canyonl ands National Recreation Area. The State of
Uah aids and encourages synfuel devel opnent on state-owned acreage but
requi rements by the National Park Service, who admnistrate the surface
and subsurface land hol dings, are stringent. Mich effort and expense
are necessary for conpliance and nmtigation of the effects of devel op-
nents which are to be faced by organi zati ons w shing to conduct any kind
of devel opnent from experinental pilot projects up to and through conplete
comercial plants.
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TABLE 6. SUWVARY COF CALCULATED I N PLACE RESOURCES FCR THE

TAR SAND TRI ANGLE, SOUTHEASTERN UTAH

| sogram Area Average Yield Area resour ces
(fromFg. 11) (barrel s/ acre) (sections x acres/section) (b i ons of barrels)
>100, 000 110, 000 X 26 X 640 = 18
50, 000- 100, 000 75, 000 X 61 X 640 = 2.9
20, 000- 50, 000 35, 000 X 55 X 640 12
<20, 000 10, 000 X % X 640 = 0.4




Appl i cant Nunber of Leases Acr eage

1. Santa Fe Energy Co. 27 22,449
2 W C Krkwod Al & Gas 9 18, 624
3. Raynond N Joeckel 13 16, 723
4, Atex Ql Corp. 11 12, 690
5. Sohio Shale Al Corp. 3 4, 344
6. Sun Exploration & 3 3, 960
Production Co. et al.
7. Benson-Mntin 4 3, 345
Geer Dilling Corp.
8. Emery Energy Inc. 2 2, 560
9. Mrton M Pepper 2 2, 560
10. Hawthorne QI Co. et al. 2 2,520
11. John M Beard 1 800
12. Maurice W Brown 1 440
13. Southland Royalty Co. et al. 1 320
14. Texaco | nc. 1 212
80 91, 547

Note: Applications are for conversion of existing oil and gas |eases
to confined hydrocarbon leases in the Tar Sand Triangl e as of
1/ 1/ 84.

CONCLUS| N

The Tar Sand Triangle may be the largest tar sand deposit in the
United States. Previous estimates for the deposit range from2.9 to 16
billion barrels of oil in-place. The major cause of the large diversity
of estimates is the selected areal extent of the deposit. The necessity
of extrapol ating sparse porosity and saturation data is also a major
factor. This paper estinmates 6.3 billion barrels which, if correct,
woul d nake it (the Tar Sand Triangle) the | argest single deposit in the
United States. Mre core data is required before a nore accurate re-
source determnation can be made. Devel opnent of the deposit is aided
by the unconpl ex geologic nature of the area and the relatively shall ow
depth of the deposit (0 to 2000 feet). The rugged topography and renote
| oacti on, however, are hindrances to devel oprment as access and transpor -
tation of product costs would be high.
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APPENDI X

Tar Sand Anal yses of Core Sanples taken from
Vells Drilled by the Larame Energy Technol ogy Center
(presently the Western Research Institute)

-32-



TAR SAND ANALYSI S
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TST-2

-33-



CORE LABORATORIES. INC.
Petroleum Reservoir Engineering

DALLAS. TEXAS

r-r”~ MRAME ™EBCX TECHNOLOGY CENTER p——oi.,. -Pile. o* 3

wdl_ TST-2 . Cores_ -File_ RP-2-693U
Field. .Drilling Fluid. -Date Report 8-23-82
County— . Stale . Elevation .Analysts. 7B:PD

Location _ _Remarks__

CORE ANALYSIS RESULTS
(Figttrrt_in p*rrmlbttr% rrfrr  to footnote rrmarkj)
URMEAIILITV
sampLE | DePTM MILLIDARCYS OROSITY RESIDUAL SATURATION
NUMBER | rcct BEFORE AFTER PERCENT -0lIL oIL IL TOTAL WATER SAT. EXT. CRN
EXTRACTION | EXTRACTION (1) (2) «» PORE | b WT | GAL/TON 4 PORE KSS. HNS. DNS
0-11*15 MO ANALYSS
1 11.15-16 ) . 1.9 71+ 0.0 0.0 71*.3 2.61* 2.60 2.80
2 16-17 * * 1.2 1*.7 0.0 0.0 71*.5 2.61* 2.61 271*
3 17-18 : : 20.6 21*5 6.1 0.6 9.8 2.01* 2.01 2.66
T 18-19 : . 9.1* 17.5 29.7 2.1 16.6 2.27 2.20 2.66
5 19-19.7 176 177 11.6 17.0 17.6 I.1* 11*1 2.25 2.20 2.65
11.19.7-23 CORE LOSS
6 11*23-21.. 255 259 13.1 19-1* 18.6 1.7 13-9 2.20 211* 2.65
7 . 21,-25 265 315 9.5 16.9 29.6 2.1 11..2 2.28 2.20 2.65
8 '25-26 : : 10.8 18.2 25.8 2.1 11,.8 2.23 217 2.65
9 '26-27 . . 9.1 17.1* 27.0 2.0 20.7 2.28 2.19 2.65
10 27-28 21+2 268 10.1* 17-7 30.5 2.5 10.7 2.26 2.18 2.65
11 28-29 201* 222 10a 16.8 20.8 1.1* 19.0 2.27 2.20 2.65
12 29-30 278 286 15.1 21.1  |I*.7 1.1* 13.7 2.11* 2.08 2.61*
13 30-31 505 520 16.0 23.5 18.3 2.0 13.6 2.10 2.01, 2.66
11* 31-32 1500 P 1600 12.8 26.2 35.1 1*5 16.0 2.09 1.96 2.66
15 32-33 . . 11*.9 22.7 20.7 2.1* 13.7 2.13 2.05 2.65
1U33-1-39 CORE LOSS

16 11.39-1*0 510 610 I1*.5 25.1 33-5 1*.2 8.8 2.09 199 2.65
17 1+01*1  131%0 1700 11..8 27.3 37-7 5.0 8.1 2.05 193 2.66
18 10-1*2 . : 11..2 21..6 30.1 3.5 12.2 2.12 2.02 2.68
19 12-1*3 . * 18.2 27.9 23.7 3.1 11.1 2.02 1.92 2.67
20 1*3-U* 379 188 11.3 19.9 26.6 2.3 16.6 2.21 2.12 2.65
21 15 253 21+2 10.2 15.6 18.6 1.1 16.0 2.30 2.25 2.66
22 151*6 1110 1110 20.3 26.1* 12.9 1.8 10.2 2.01 1.96 2.66
23 1*6-17 * * 17.9 25.1 11*.3 1.7 11*.3 2.05 1.99 2.66
2* 1.7-1.8 1550 1750 18.0 26.2 21.8 2.8 9.5 2.03 1.95 2.65
25 1819 1*7 7.5 3.7 7.2 23.6 0.7 25.0 2.50 21*7 2.66
26 1*9-50 575 655 13.2 22.5 27.6 2.9 13.8 2.15 2.06 2.66
27 50-51 765 1100 11.0 22.0 26.1, 2.1* 23.6 2.19 2.08 2.66
28 51-52 188 336 11.5 21.1* 33.2 3-3 13.1 2.17 2.08 2.6L
29 52-53 79 91 6.6 11.5 13 T 38.3 21*0 2.36 2.66
30 53-51* 7.8 15 3-3 8.7 28.7 0.9 33.3 2.1%7 21*2 2.65
31 5U-55 0.36 2.2 1.9 6.1* 3I*.1* 0.9 35.9 2.52 21*9 2.65

Thn* *n»ty**i. opinions or InWrprvutloru ant board on ob*rv»stlona and mslvrtaia supplled br th* client to whom, and for who** txcJuatv* and mnflilanllal
*

wi*. thif n-pon u

mad*. Th» murprruuoni or opinions tw

rtwd rrpr»#*m th* b*n

Judgment of Cor* Laboraiert*. inc.

lau error* and onuuloru

c»pt*d): but Cor* Laboratorm. Inc.. and tU officer* and employ***. a»um* no rvIpoanbIIle and make no warranty or represent* Hon*. aa to th« productlvny
propcT operation, or proftubUn*** at any oil, g«* or other mineral w*Il or a*nd In connection with which ouch report 1* uard or railed upon.
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CORE LABORATORIES, INC.

Petroleum Reservoir Engineering

DALLAS. TEXAS

LARAMIE ENERGY TECHNOLOGY CENTER * ,, ;

r_pwr tn .of.
well- TST-2 Cores. BP-2-693U
Fel<L _ Drilling Fluid_ Dbite Report, 8723-82
County_ . State. . Elevation -Analyst!_____ TB:FD
Location _ _ Remarks
CORE ANALYSIS RESULTS
(Fig*rri i» p*tenlbr*tt refrr to footnote remit!ts)
PMEIE[AIgiBRIEIJfY RCSIDUAL SATURATION
V%LAJMEIEE F;’?EII;%EINT'I\! - -O0lIL TOTAL WATCH SAT. EXT. CRN
m (£I 9% POPIC V PORE IKS. ESS. DNS
72 1U95-96 53 77 8.6 18.1 33.7 2.7 18.8 2.26 2.16 2.61*
71 96-97 126 153 11.1 19.1 29.8 2.6 12.0 2.21 513 261*
71* 97-98 59 82 11.3 18.6 21*.2 2.0 15.1 2.22 2.15 2.61*
75 98-99 * * 10.0 17.1* 23.6 1.8 19.0 2.26 2.17 2.63
76 99-00 221 231 13.6 20.3 20.2 1.8 12.8 2.17 2.10 2.61*
77 1500-01 329 388 13.0 22.3 29.6 3-0 12.1 2.15 2.05 2.61*
78 01-02 * * 13.6 19.3 16.6 1.5 13.0 2.19 2.12 2.63
79 02-03 1*97 695 118 23.9 25.9 3-0 12.1 2.10 2.00 2.63
80 03-01* u7s gt s74 15.1* 21.3 15-0 1-5 12.7 211 2.07 2.61,
81 01,-05 70 95 8.3 15.7 27.1* 1.9 19.7 2.31 2.23  2.61,
82 05-06 211* 21+7 7.1 16.6 ia.6 3.1 15.7 2.31 2.21 2.65
83 06-07 37 92 1*9 15-1*  1*91* 3-3 18.8 2.3  2.23 2.61*
81* 07-08 0.1*0 17 1.5 13.2 60.6 3-3 28.0 21*2 2.30 2.65
85 08-09 21 33 1*.6 112 1*7.2 2.9 20.1* 2.37 2.27 2.61*
86 09-10 69 83 10.9 18.3 27.3 2.1 13.1 2.23 216 261
87 10-11 0.01 0.03 0.9 2.8 3-6 TR 61*.3 2.62 259 2.67
88 11-12 11*6 155 12.0 20.1 22.1* 1.9 17.9 2.19 2.11 2.63
89 12-13 150 165 10.9 20.6 27.7 2.1* 19.1* 2.20  2.09 2.63
920 13-11* 192 r2 11.7 21.8 32.6 3.U 13.8 2.16 2.06 2.61*
91 11*-15 112 161 10.6 19.9 30.7 2.9 16.1 2.21 2.11 2.61*
92 15-16 1*06 592 12.3 22.2 28.1* 3-1 16.2 2.15 2.05 2.61*
93 16-17 590 8ol* 12.8 22.8 26.8 3-0 17.1 2.11* 2.03 2.61*
o1* 17-18 re2 909 12.5 22.8 27.6 2.8 17-5 2.15 201* 2.65
95 18-19 51*5 717 13.7 22.6 25.2 2.7 11%.2 2.11* 2.05 261*
96 19-20 383 396 13.9 21.1 19.9 2.1 11*.2 2.16 2.09 2.61*
97 20-21 875 116C 13-7 231+ 26.1 2.8 15.1* 2.13 2.03 2.65
98 21-22 985 1575 11.7 217 11r*a 5.3 8.5 2.13 1.99 2.65
99 22-23 935 161*0 9.8 23.6 1*53 1.8 13.1 2.16 2.02 2.61*
100 23-21* 61 75 11.1* 17.2 15.1 1.1 18.6 2.25 2.19 2.61*
152U-27 CORE LOSS
101 152/-23 373 397 13.3 20.5 20.5 1.9 11*.6 2.20 2,13 2.69
102 28-29 I*50 628 9.9 20.7 38.2 3-5 11*.0 2.21 2.10 2.61*
103 29-30 28 510 11.8 19-9 28.6 2.7 12.1 2.20 2.12 2.61*
101* 30-31 el 123 8.1 16.3 33-1 2.5 17.2 2.30 2.21 2.65
105 31-32 299 31*0 10.6 18.8 131.1* 2.6 12.2 2.23 215 261*
106 32-33 131* 281* 9.8 19.2 37-0 3-2 12.0 2.23 2.13 2.61*
107 33-31* 189 319 10.6 19-7 3U.0 3.0 12.2 2.21 2.12 2.61*
108 3U-35 i 63 5.3 11*.7 1*08 2.7 23.1 2-35 2.25 2.61*
Tfceae analyse*. opinions or tnWrpretaUons ara based on observations and material* supplied by the cllant to whoan. amdl flor wiese eseiumliy amdi confidential
uat. tnu import u made. The tnWrpretations or opinion* tvpnssod represent th* pen judgment of Cora L*borsien*e. imc. tall error* and oraission* es-
*cpt#d); but Cora Looorctoriea. Inc.. and its officers and employ**!. i«um« no rerponelblUty and maka no warramty or FEREAtAtOTE.. 2@ t© the productivity.

proper operation. or protttablanaoa of any ell, f aa or other mineral wall or aaAd In connection with wruch such report Is U
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CORE LABORATORIES. INC.
Petroleum Rejervoir Engineering
DALLAS. TEXAS

c”™,..; LARAMIE ENERGY TECHNOLOGY CENTER knr11iarinn
WAX TST-2 Cores _File_
Fitld Drilling Fluid _
County- State Elevation Anslyn
Location _ . Remarks.
CORE ANALYSIS RESULTS
(Figvrrt in  p*tr*lk>tiei  rrfrr  to foctmotr  rrmirki)
RESIDUAL. SATURATION
ShueLe . )
EXTRAGTION j EXTRACTION 1D (E] SA?JT'ON
109 1535-36 216 305 8.3 18.  38. 16.3
110 36-37 0,35 8.1* 2.1 1. 16 31*.5
111 37-38 130 11+7 8.9 16. 23, 21.7
112 38-35 111 126 7.8 1 22 21*.1
113 39-UO 36 61 6 1. 28, 21%.3
11*  UO-W. 5. 16 3 12. 1708 29.2
115 1+1-1%2 15 30 5 13, 28, 30.8
116 1+2-1*3 0, 85 5-6 2 10, IQ 36.7
117 1*3"A 18 F TF 5 1+ 39, 25.5
118 U»-U5 .5 27 * 11* 10. 28.1*
119 1516 ft 9o 73 2 1. I8 32-3
120 1617 2,7 16 3 12.8 I, 28.1
121 1*7-1*8 1, 16 3 13.5 I'5 29.6
122 1*81*9 2.6 29 3. 13 1#5, 30.7
123 1*9-50 0. eo 1+ 2. 13, I3 36.1
125 5152 71 g 7. 17, 32 23.7
126 52-53 3 23 . 13 33 32.1
127 53-51* 182 236 8 1g 31 21.5
128 gggg * * 10 17. ég 23.3
129 - 8, 17 . 21.6
130 56-57 123 ﬁi’ 8 18 29. 23.8
131 57-58 203 530 9 19 31. 22.3
132 58-59 oy 261 7 17 27. 31.1
133 2960 357 200 118  20. 20 21.0
B 6061 7 185 1.0 19 10 18.3
135 g%-gg 337 356 iy 20. 12 19.1
136 P 570 610 15 23 17. 17.5
137 6361 156 163 13 19 12 18.1%
138 gé gg’ * 16 19. 31 12.2
139 66-66.8 1230 1270 18 2%, 11, 11*.1
1*0 16 22.8 1rr i1».5
1566.8 -68.1 CORE LOSS

rhMm* analyl« oplniBiw or |n|*rpr«\ann| ar» bo** on ©boerv.tlon. VMI materials aupplira® by tho tllon* U whom, ud for 1
IM inis ii~.i U fn»o« Th* [ni* rpr»l»uon« or oplmons cvprcuvd r»p»*»*nt W b»« Judjmont ©t Cor* UibocMorti. Inc.

«Bi*4>- bet Cort Laboraionn In

and 1U otfietn an* cmplcrywa. awum

37

.of.
EP-2-6931*
TB:FD
SAT. EXT. GRH
BUS. DNS. BHS
2.26 2.16 2.61,
21*1 2.33 2.62
2.29 2.22 2.61*
2-35 2.29 2.68
2.38 2.30 2.69
2.1*2 2.33 2.65
2.39 2.32 2.66
2.1*6 2.38 2.67
2.35 2.27 2.65
2.1*3 231 2.72
2.1A 2.35 2.66
2.1*0 2.31 2.65
2.1*0 2.30 2.66
2.39 2.29 2.66
2.1%2 2.31 2.67
2.38 2.29 2.65
2.29 2.19 261*
2.39 2.30 2.66
2.26 2.15 2.61,
2.27 2.19 2.65
2.28 2.19 2.61,
2.25 2.15 2.65
2.25 2.13 2.66
2.29 2.19 2.65
2.21 2.12 2.65
2.18 2.11 2.63
2.16 2.09 2.61,
2.11 2.02 2.61,
2.19 2.12 2.61*
2.16 2.10 2.61
2.06 2.00 2.61*
2.07 2.01 2.61*

* no rviponnMUty and mik« no warrant? or r*Biseuitaltana. aa w U
tropcr opcreuon, or pr»fli*Dlcn«oB <<< any oil. gat or olh« mw«rml well or a»sr*i In connection wtth which ouch report b UM 4 «r t*Uo« <«*e*.



CORE LABORATORIES. INC.
Petroleum Reiervoir Engineering
DALLAS. TEXAS

r,™p,., TARAWIR ENERGY TECHNOLOGY CENTER F,r™

e -P»lte_i- _of_
KT 11 IST-2 c,n F;l. RP-2-6931*
Fied Drilling Fluid. -Dm Rcport_S=23=22_
County— Stitc. . Elevation. A,y TB:FB
L ocation-
CORE ANALYSIS RESULTS
(Tifutti in p*rtntbttft rtfer to footnote ttwtwrlu)
PCRMCAIILITV
sampLE | otPTM MILLIDARCVS OROSITY RESIDUAL SATURATION AT ExT N
NUMBER| F(CT AFTER PCRCCNT { oIl oil. | TOTAL WATER . .
EXTRACTION | EXTRACTION | (1) (2) j % PORE | % WT | CAL/TON % PORE HNS. IKS. DNS
111 1568.1-69 389 *23 10. 13.1 6.1 0.3 13.7 2.3U 2.31 2.66
11*2 69-70 288 316 9.1* 12.6 7.1 0.5 18.3 2.37 2-33 2.66
11*3 70-71 2.6 26 3-2 10.8 38.0 1.7 32.1* 2.1*5 2.37 2.66
ii*i* 71-72 136 17U 9.1 15.1 16.6 1.0 23.2 2.31 2.21, 2.61,
11*5 72-73 213 271> 10.5 16.7 16.2 1.3 21.0 2.27 2.20 261*
116 73-71* 55 108 6.8 11*1 27.7 1.7 21*.1 2.31* 2.26 2.63
1*7 71*-75 238 339 11.8 19.1* 21.1 1.8 18.0 2.22 2.13 2.61*
11*8 75-76 11 85 8.2 18.3 27.9 2.2 27.3 2.26 2.15 2.63
11*9 76-77 31*8 585 11.8 20.5 21*9 2.2 17.6 2.19 2.10 2.61,
150 77-78 0.79 16 3-1 11.6 1*22 2.0 31.0 2.1*3 23w 2.61*
151 78-79 12 50 5.7 11*.0 31*.3 2.0 25.0 2.36 2.27 2.61,
152 79-60 33 102 6.1* 15-2 31*.2 2.3 23.7 2.3U 2.21, 2.6U
1580-82.1 CORE LOSS

F. = FRACTURED PERMEABILITY PLUG
*UNSUITABLE FOR PERMEABILITY MEASUREMENTS
1 = SATURATED PORGCSI TY

2 = EXTRACTED PCRCSI TY

Thoa* anelrtoa, oplnlor&s or_Interpretation* art baaed on observation* and matrrlaii wpplled br th* client to whom, and for whoa* exclusnve and ||aaf|dm||a|

fi
UNeéhlsr o(r:t midi. Th* Lnte| erprrwUona or opinlona vpre«**d rrpreamt th* D*ri judgment of Cor* Leboratortea. Inc. JaU error®

an
cept Pu * Laboratories. Inc.. and It* >« and el ployeeslc)lfmt no rerpontlb Utr and make no warranty or rtprmnUUont. aa lo th* praducuvtty

proper dperation, or preftteblenem of Mt%y oil, [M or other minéral wall or tend tn connection with which ouch report la Ba*d or relied upon.
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TAR SAND ANALYSI S
LARAM E ENERGY TECHNOLOGY CENTER
TST-3



<->npny T.ABtKTR ¥NTTTFCy TECHNOLOGY CENTER Formation

TAR_SANK Prge of_
Well__1S3Ug Cord Fil, RP-2-6935
Field Drilling Fluid _Date Report_ 572382
r,.-.. GARAHD <,, UMAH  EWx«ion_iM?_ Anly.r. TB.YD
I—;,, NE SV SW SC 2-T31SRI6E Remirk|

CORE ANALYSIS RESULTS
(Fisttrei  »*  pirmtbnrt  rrfrr  to  jectnott rrmjrAj)
DEPTH r,\;',RLML',ED/:\?{ICL!(TSY POWOSITY RESIDUAL 1ATUBATION AT e
PEHCEMT TOTAL WATCF : :
(1)—(2) vV rone BNS. TCS.
o-iiai.7 NO ANALYSI S

1 jiai.7-12 * * 192 21.2 2U Tr 7.1 2.13 2.1D

2 12-13 0.10 35 1.2 18 00 0.0 27.8 2.61 2.60

3 13-11, 0.03 1.1 2-3 28 00 0.0 17.9 2. 60 2.59

k 11,-15 0.01 0.90 2.8 32 00 0.0 12.5 2.58 2-57

5 15-16 * * 31 us 70 1T 20.9 2.56 2.55

6 16-17 * * 2.0 22 00 00 9.1 2.63 2.62

7 17-18 * * 3.U usz 2.3 Tr 18.6 2.57 2.56

8 18-19 * * 31 37 0.0 0.0 16.2 2.59 2.56

9 19-20 * * 17.7 21.7 9.2 1.0 92 2.13 2.08

10 20-21 * * 22.2 25.5 21, 0.1, 10.6 2.01 1.98

11 21-22 * * 19.5 22.5 |1*9 0.5 8.U 2.09 207

12 22-23 * * 16.0 18.3 6.6 0.5 6.0 2.19 2.18

13 2>21, * * 6.3 19.1 58 oU 8.9 2.18  2.15

I, 21-25 * * 22.2 25.3 21, 0.1, 99 2.02 1-99

15 25-26 * * 11,.h 17-3 6.9 0.1, 98 2.22  2.20

16 26-27 * * 18.0 21.h U2 quU 11-7 2.13 2.10

17 27-28 * 17.8 21.2 U2 qU 11.8 2.12  2.09

18 28-29 * * 15-7 20.3 1+U qU 18.2 2.17 2.13

19 29-30 * 18.2 22.6 U9 qU 1U.6 2.09 2.07

20 30-31 * 17.9 2. U 37 oU 12.6 2.13 2.10

21 31-32 * 21.6 2.9 21, oU 10.8 2.03 1.99

22 32-33 * * 23.1 26.3 19 oU 10.3 1.99 1.97

2300 25.7 27.5 1.5 0.1 51 1.93 1.92

23 33-3U 2150

CORE LOSS
IWU-35-75 .
23.3 25.9 35 0.8 6.6 1.95 1.92

2k 35-75-36 *

CORE LCSS
36-52
* wu 182 7-1 038 13.7 2.20 2.16

25 1U52-53 * * 1U.8 17.5 57 oU 97 2.21 218

26 53-5U * * 21.2 23,3 09 Tr 8.2 2.06 2.03

27 5U-55 »e

CORE LABORATORIES. INC.
Petroleum Reservoir Engineering

DALLAS. TEXAS

propor op*r«uoo,
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CORE LABORATORIES. INC.

Petroleum Reservoir Engineering

DALLAS. TEXAS

fAr-T TARAMTB ENERGY TECENOLOGY CEKTER p——:., TAR SAND
Veil ., TST-3 Cord

Fied Drilling Fluid
County__ GARFIELD - . State UTAH - Eleviiion__i88?_
Logjtion NE SV SV SEC 2-T31S-R16E _ Remarks

CORE ANALYSIS RESULTS

(Figum in  psrrmiottti  rrfrr to  footnote  rrmsrkj)

RCSIOUAL SATURATION

BEFORE

tXTRACTION | 11) (JL CAL/ TOM
28 55-56 1650 1750  23.1 2*.9 2.0 0.3
29 56-57 1550 2150F 21.8 228 0.9 Tr
30 57-58 * * 22.9 2.2 0.8 Tr
31 58-59 670 700 19.6 220 2-3 0.3
32 59-60 280 283  II»-9 185 1*9 0.3
33 60-61 6hh 690 16.7 19.3  I*1 Q1
31, 61-62 * * 16.1 19.0 5.8 01
35 62-63 * * 15.2 17.9 0.6 Tr
36 63-61* 393 393  11*9 18.2 1*9 Q1
37 61.-65 667 695 20.1 231. 2.1 0.3
38 65-66 * * 21.9 21*2 1.2 Tr
39 66-67 *9 67 10.5 15.8 15.8 1.2
10 67-68 - * 10.8 15.8 13-3 .
1 68-69 325 371 17.5 21.2 uU.7 O.
*2 69-70 * * 15.1 186 3B Tr
*3 70-71 137 167 10.1* 17-3 20.2 15
10¢ 71-72 77 126 6.6 16.3 399 28
15 72-73 278 298  17-3 2001 10 0.3
16 73-71* U*3 P 19.2 21.5 0.9 Tr
*7 7*-75 139 11*8  15.2 19.0 3.2 0.3
8 75-76 186 207 16.1 19.7 16 0.3
9 76-77 3 P 17.9 21.2 21* 0.3
50 77-78 350 388 18.0 2.1 56 0.3
a 78-79 * * 10.6 11..3 10.5 0.3
52 79-80 * * 11*.7 19.2 36 Tr
53 80-81.8 * * 17.8 220 15 Tr

UNSUI TABLE FOR PERMEABI LI TY MEASUREMENTS
FRACTURED PERVEABI LI TY PLUG
SATURATED PORCSI TY

*
F
1
2 = EXTRACTED PCRCSI TY

-Pjge- .of_

B,. HP-2-6935
-Due RTAT 8-23-82
.Analyst! T3;PD

SIT. EXT.

mis. BBS.

5.2 2.01 1.98

3.5 2.CL 2.03

1.5 2.02 2.00

g-6 2.09 2.06

]1*'6 2.20 2.15
9°3 2.16 2.13

9-5 2.18 2.5

Hi -5 2.20 2.17
132 2.20 2.16
g+ 3 2.03 2.01

17 .1 2.28 2.23
18.1* 2.28 2.23
12.7 2.12 2.08
15.1 2.20 2.15
197 2.26  2.19
19.6 2.32 2.21
10.0 2.11. 2.11
9.8 2.C9 2.07

16.8 2.19 2.11»
13.7 2.17 2.13
13.2 2.12 2.09
10.3 2.12 2.08
15 2.28 2.25
19.8 2.18 2111
11* 5 2.12 2.08

2.6L
2.63
2.61.
2.61.
2.61.
2.61.
2.65
2.61.
2.61.
2.61.
2.65
2.65
2.65
2.61.
2.61.
2.61.
2.61.
2.65
2.61*
2.61i
2.65
2.65
2.65
2.62
2.65
2.67

Theee anolyaea. opinion! or tnlerpreuuone are baaed on obeervetloru and malerlala aupplled by the client I's whom. and tor whew liejupua and lianrHanital

uae uua report la mace. The tnirnneutiona or opinlona e»T>reaeed represent Ule ben lucxmenl or Core LeboratarMe, Ine |
eepird) but Core LaSoraunn Ir.c. and Ita oltleere and emplore-n. aaiume no reeponrlbtuty anS make no warrant

proper operauon. or prolllablanen ol any oU. laa or outer mineral well oe eon* m eonneebon
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TAR SAND ANALYSI S
LARAM E ENERGY TECHNOLOGY CENTER
TST- 4
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CORE LABORATORIES. INC.
Petroleum F.elervoir Engineering
DALLAS, TEXAS

r or.-y LARAMIE ENERGY TECBHOLOGY CEHTER p”,... TUB sawn Pajt- -of.
TFI1 TST-1* Coro, Fils RP-2-6961*
Fitld Drilling Huid -Date Rpnrr 9-11-82
County—GABETJELD Statt_QIAH Elcvation_ 6859 _Analyiu
u-." NE SB NE SEC. 16-T31S-R16B R.curis.

CORE ANALYSIS RESULTS

(Ftg™r* in  ptrrntbriri rrfrr to footnotr  rrwtmrkj)

RESIDUAL SATURATION
SAUfLF ' DEPTH [_

SAT. EXT. GRN

11} ( 2) DNS. D:;S. I NS
0-11%01. 3 NO ANALYSI S

1 11*02-03 13.7 19.5 10. 19.5 2.19 2.13 2.65

2 1U03-01* 62 76 10. 2 18+3 23. 21.3 221 2.17 2.65

3 11*01*-05 81 99 10.7 19.1+  25. 19.6 2,22 213 26I*

* 11%05-06 121* 11+7 10. 8 19-9  25. 20.1 220 2.11  2.61*

5 11*06-07 167 258 11.0 21.0 29 18.1 2.19 2.09 261

6 11*07-08 98 152 11-3 19.6  22. 19.9 2.21 212 261

7 11*08-09 57 72 10. 18.0 25, 17.8 2.21* 3(1); 321:

8 11*09-10 129 176 11. 21.5  30. 15.8 2.17 . .

9 11*¥10-11 5 682 10 23.6 37 17.0 2.15 2.02 2.61:
10 11*11-12 261 R 9 22,3 L2 15-3 2.17  2.05 2.61*
11 11*12-13 576 639 23,1 3. 17.8 2.15 2.03 261
12 11713 11* 157 338 10. 209 I2 18.7 220 2.07 26l*
13 1141*15 155 352 8. 20 1 I 18.6 2.18 2.05 261
1* 11*15-16 332 701 7. 23.6 I 11*.8 2.15 2.03 2.66
15 11¥16-17 TQr* 885 9. 20%.0 17 17.1 2.15 2.01  261*
16 11¥17-18 31*5 w5 8. 25'0 50, 13.6 2,12 1.98  261*
17 111819 61 250 9. 17.  50. 22.1 229 219 265
18 11*19-20 5. 5 . 15- 52. 26.0 o3y 221*  2.61*
19 11*20-21 * 3. 9 12, 69.2 2T+ 21*0 261
20 11*21-22 0 39 11 é 12. 51. 31.2 oW  2.32 261
21 11%22-23  11* 11*8 £ 17- 50 IO 21.0 2.30 2.18 2.65
22 11*23-21* 81 165 > 11*. 53 32 28.6 2.39 2.28  2.67
23 11*2*.25 0 72 33 1 12.3 52 31.7 21+2 2.32 2.61*
21* 11*25-26 28 30 5 13.1* 50 29.9 21*0  2.29 261
25 11*26-27 * 15- 19 26.8 2.28 2.19 2.60
26 11*27-28 8.1 26 g 13. 29 29.6 21%1  2.33 2.6§
27 11*28-29 121* 327 6 16. 39 23*.7 2.30 2.19 2.61*
28 11*29-30  3.1* U f 16. 16 2152 2.33 221 26l
29 11*30-31 30 68 6 17. 36 23.3 2.29 2.1% 2.63
30 11*31-32 11 17. 13 20.8 2.21 211 2.60
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CORE LABORATORIES. INC.
Petroleum Reservoir Engineering
DALLAS. TEXAS

rAr-'-y  TABIMTE TdUBBrtY TOHWWnNT.nT.Y fIrMTTO Form«i«n_TiS_SA®_

-Page_ 2_ -of.

Vel ,TST-L Cord File RP-2-6964

Field ; Drilling Fluid -Date Report. 9-14-82

County— . State. . Elevation. Analyses D

L ocation. . Remarks.

CORE ANALYSIS RESULTS
(FigwtfS m  p*renti>f%rt rrfrr to foot no tr remarks)
RESIDUAL SATURATION
D"TM POROSITY SAT. EXT. GR5
reet EX'BF‘EiCBFIO* EXTRACTR|ON iiTCENT (JL CAEI/LfON TOTCLﬁoVF\iéT” BKS. DBS. DNS
31 11*32-33 * » 10.0 16.7 15.6 1.1* 21*.6 2.27 2.19 2.63
32 11*33-31* 9.2 91 I*.1* 16.9 50.9 3-7 23.1 2.33 2.19 2.61*
33 11*3l*-35 1.6 9.2 2.8 10.9 1*31 1.9 31-2 21*3 2.36 2.61*
31+ 11*35-36 1*-8 17 5.0 11*.7 38.8 2.5 27.2 2.36 2.26 2.66
35 11*36-37 1*9 250 2.6 17.9 63-7 5.0 21.8 2.31* 2.19 2.67
36 11*37-38 1.3 3-6 1.9 9.7 39-2 16 1*¥1.2 21*6  2.38 2.63
37 11*38-39 258 575 8.8 19.2 36.5 3-0 17.7 2.25 2.11* 2.65
11*39-U* HISSING COEE
38 1U*5-U6 2.1 23 1.6 13-3 57-1 3-1 30.8 2.U 2.30 2.66
39 1U*61*7 8.2 71* 3.0 15-7  55-1* 3-7 25-5 2-36  2.23 2.65
0 1I*1*7-1*8 1.2 21* 2.8 11*2  51.1* 3-2 28.9 2.38 2.27 2.65
m  1U*8-u9 1.8 9-5 2.1* 9-3 31.2 1.1 1*3-0 21*3  2-57 2.61
11?7 1U*9-50 1.9 18 2.0 10.2 1*12 1.6 39-2 21*1*  2.36 2.63
113 1U50-51 1-7 18 1.9 13.0 50.8 2.7 31*.6 2.kl 2-30 2.61*
7 11*51-52 5U1 610 6.8 16.5 3U.5 2.6 21*.2 2.32 2.22 2.65
1|5 11*52-53 201 286 6.8 16.5 35-8 2.5 23.0 2.30 2-21 2.65
6 11¥53-51*  7-7 10 3.6 13-7  1*53 2.7 28.5 2.38 228 2.65
1i7 1U5U-55 16 70 1*2 U*1* P 2.7 26.1* 2.37 227 2.65
»8 11*55-56 7 150 6.9 15.6 30.8 2.0 25.0 2.33 2.21* 2.65
79 11*56-57 28 132 1*6 15.5 1*52 3-1 25.2 2.35 2.21* 2.65
50 11*57-58 8.7 15 6.9 11.8 13-6 0.5 28.0 2.38 2.32 2.63
51 11*58-50 1* 1*10 13.2 20.0 11*0 1.2 20.0 2.21 2.11 2.61*
52 11*59-60 96 105 7-9 16.1* 27-1* 2.0 21* 1% 2.32 2.21 2.61*
53 1U60-61 85 96 10.1 17.0 15 9 1.2 21*.7 2.29 2.20 2.65
11*61-63 MISSIHG CORE

51*  [1*61*-65 1*8&6 535 10.3 19.8 27.8 2.3 20.2 2.27 2.15 2.68
55 1U65-66 88 93 8.9 11*.9 12.8 0.9 27-5 2-33 2.25 2.6U
56 11.66-67 125 131 10.2 15.2 11.2 0.9 21.7 2.33 2.21* 2.61*
57 1U67-68 219 piidig 8.0 16.7 28.7 2.0 23-1* 2.30 2.21 2.65
58 11*68-69 75 89 7-7 11*.2 18.3 1.1 27.5 2.35 2.28 2.66
59 11*69-70 371 07 6.9 18.9 1*29 3-5 20.6 2.27 2.15 2.66
60 1U70-71 625 735 6.9 18.0 li0.0 3-2 21.7 2.28 2.18 2.65

Th**« «DitT'Vrs. opinions or int*rpr«lau©nj arc bated on obarrvetlonj and materlals tupplled by the c)l«nt to whom. and for *how exclusive/ and eonfiOnitaJ
u« ihu report It made. The interpretation* or opinion! rirpr*L<vd rrprcaem the ben )uajemeni of Core Laboraionec.. Inc. laU error* and orjHtem e*.
ceoteol' bu: Core Laboratories. Inc.. ar.d it* olfiecr* and emptor**!, loumi no rerponrl IIMy ind make no warranty or repmanalloru aa to th* prooucuvfly.
proper operation or profllabUnvn of any oU. gaa cr other mineral well or und In connection with which each report it u*rd or relied upon.
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CORE LABORATORIES. INC.
Petroleum Reiervoh Engineering
DALLAS. TEXAS

fNyronr LARAMIE ENERGY TECHNOLOGY CENTER P—;,, TAB SAND or,
vel  IST-1* Cores -Fdt_ RP-2-6964
Fidd Drilling Fluid Date Report, 9-14-82
County__ - State. . Elevation., Anaysts __ FD
Location .

CORE ANALYSIS RESULTS

(Figmm rw bmrentbetri refer to JOOInate remmrks)

. PN;FLT,CE/;A'RL&ET RESIDUAL. SATURATION

fNVII\TIL[(F:HJ Drcct;rTM BIFOrTI AFTI* PF’%nglh;erY «OIL. olL. olL. TOTAL WATER SAT. EXT. GBR
1 + XTRACTION | EXTRACTION | (] (2) % PORK | % WT | GAL/TON +kPORI DNS. HNS. 3SS
61 11*71-72 332 31*9 9.5 16.5 21.8 1.5 20.6 2.29 2.22 2.66
62 11*72-73 5.1 21* 3.2 12.0 39.2 2.0 31*.2 21*2 233 2.65
63 11*73-71* 3-7 26 2.9 12.0 1*25 2.2 33-3 21*5 2.36 2.65
61* 1*7t*-75  1.1% 3-5 2.9 8.2 2*1* 0.8 1*0.2 21*5 21*0 2.61
65 11*75-76  9.1* 38 3.2 13-3  1*66 2.7 29.3 21*0  2.29  2.61*
66 11*76-77  51* 20 1*2 12.6 35-7 1.9 31.0 2-39 230 2.63
67 11*77-78 165 173 8.5 15-5 21*5 1.7 20.6 2.31 2.23 261*
68 11*78-79 31 Kiiy 5.7 12.7 22.8 1.2 32.3 2-37 2.29 2.63
69 11*79-80 68 95 5-7 11*0 35.0 2.0 21*.3 2-35 2.26 2.63
70 11*80-81 1»9 2* 3-7 12.7 1*02 2.2 30.7 2.39 230 2.63
71 11*81-82 1.8 11 3.0 10.2 32.1* 1-3 38.2 21*3 2-35 2.62
72 11,82-83 351* 1+ [* |* 15.0 1*53 3-0 25.3 2.35 221*  261*
73 11*8381* 1.0 29 2.6 12.6  1*81* 21* 31.0 2.1a 231 2.65
7U 11*81-85 376 1*06 7-7 16.9 31.1* 2.3 23-1 230 220 265
75 11*85-86 76 P 9.9 19.7 33-0 3-0 16.8 221* 2,13 2.65
76 11*86-87 361 378 8-3 18.6 32.3 2.7 23-1 2,28 2.17 2.66
77 11*87-88 608 615 8.3 19.9 38.7 3-5 19.6 221* 213 2.65
78 11*88-89 568 61,0 8-3 20.3 39-9 3-7 19-2 221* 2 12 2.66
79 11*89-50 99 11*3 3-0- 13.9 50.1* 3-0 28.1 2.38 228 265
80 11*90-91 253 570 6.8 19.2 *7-1¢ 1% 17.2 2.27 2.11* 2.65

11*91-93 MISSING COKE
81 [I»91»-95 68 605 [*-8 18.9 57-7 1*8 16.9 230 2,15 2.66
82 11*95-96 37 * 3-1 II*.]*  53-5 3-L 25.0 2.35 2.23 261
83 11*96-97 9-5 39 3.0 13-3  52.6 2.8 21* .8 21*1  2.30 2.65
8r 11*97-98 8.1, 31 3-U 13.3 1*89 2.8 25-6 21*1 2.30 2.65

11*98-99 MISSING COHE
85 _ 13 *7 3-7 13.3 1¥29 21* 29.3 2.39 2,29 261,
86 Ills'gg-gcl) 1 137 2.9 15-1* 56.5 3-8 21%.7 236 221* 261,
g7 1501-02 26 116 5.0 11*9 103 2.5 26.2 236 221 2.61*
88 1502-03 2.6 15 2.2 11.1  1*1*1 1.9 36.0 21*3  2.33 2.62
89 1503-OU 26 56 3-5 13.8 1*57 2.8 29.0 2.?;8 2.2*7 2.63
90 1501*-05 3.4 10 2.8 8.7 29.9 1.1 37-9 216  21*0  2.62

»,», ootnloni or |ntarprrIaU0na att bi.rd on observation. in< maltrlali wpglltd by th< eIImI 10 "horn, and lor who» ticludv* and ronirdtnligj
Z7 g BT 2. r7a« AMhe ular arpTTUi.o*, or opncn. i r*pr<»«l u>, or uicl an Cor, Laboratory Inc. 1.3 frron and " » ' «» «e
™.1|r £Tcor. Laboratory Inc.. and its t.;::irtn and r\ov > | ['J1» nor.r?°n«b!Uty and ma* no warranty or r»prT»ntauona_ aa to In« productivity.

prop« opVrabonTor profliablann. o-. any ail. las or oth r mmtrll wall or aand m eonnacuon wim wiucn ~ch moon la Uard or nU*d upon.
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CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS TEXAS

C-mpnr WWBZ BMERGY TECHNOLOGY CENTER  vommim TAR__SATO It
xall TST-U Coro Elf RP-2-6964
Field Drilling Fluid Due Report _ 3"14 -82
Counry— . Sute_ . Elevition- Ana] imre D
Location . . Remarks.
CORE ANALYSIS RESULTS
(FifU'et n* ptrrntbettt rrfrr to footnott rrmsrkj)
DEPTH PMEIT’\LAIEDQ):I(_:I‘;I—S-I— RESIDUAL SATURATION
SoneLe DERT PoRosiTY SAT.  EXT.
O) 121 CAW/TON M S. ESS. NS
91 1505-06 51 166 i* j* 15-8  50. 21.5 2.35 222 26I*
92 1506-07 12 92 3.U IU-0 1*7. 28.6 2.39 227 261*
93 1507-08 30 130 15.1*  1*6. 22.7 2.36 223 261*
91* 1508-09 0 127 15-U us. 26.0 2.37 221* 2.65
95 1509"10 21 85 13.7 53. 21%.1 2.39 227 2.63
96 1510-11 18 62 13-5 36. 28.1 21*0 2.29 261*
97 1511-(2 16 63 3.0 U 25.1* 21*0  2.29 261*
98 1512-13 27 65 il*.o 29 2% 3 2.37 227 26
99 1513-IlU 63 72 13-2 6. 19.7 238 230 265
1511*-15 MISSING COBS
100 1515-16 31 56 12.5 16.8 0.8 21*.8 2-39 232 265
101 1516-17 10 285 18.* 59.8 1*7 17-1* 229 216 261*
102 1517-18 32 226 17.8 1178 3.6 11*.6 2.32 217 261*
103 1518-19 33 208 17.9 1*19 3.3 I1*-5 231 217 261*
lol* 1519-20 152 250 U 33-8 54 21.1% 236 226 261*
105 1520-21 1*6 61+ 9 156 45 33-3 21*2 235 260
106 1521-22  7.1* 103 11 25.6 1'3 27.1* 21*0 2.32 2.63
107 1522-23 10 19 5.1* 12 27.2 1'-3 29.6 2.38 229 262
108 1523-21* 5.5 15 5-1 11.8  29.7 1.3 27.1 239 231 262
109 1520-25 1.5 2.1 8.8 10.2 (3 36.1* 21*3 238 2.62
110 1525-26  0.01 0.01 32 0.0 g0 68.8 2.69 268 277
111 1526-27 0.01 0.01 6 1 0.0 0.0 31.1 251 252 2.68
112 1527-28 0.01 0.01 70 0.0 0.0 28.6 251* 251 270
H3 1528-29 <0.01 <0.01 u.6 0.0 0.0 23-9 2.65 261* 277
1529-1555 SILTY SHALE - NO ANALYSS

UNSUITABLE FOR ANALYSS
. SATURATED POROSTY
EXTRACTED POROSTY

'Ifhee*_analp/s&s, opinions or_|Interpretations ar« based on obarrvatlen* and materials supplied by lh« client lo whom, and lor whoa* excluavc and confidential
Wt'e(IiMSb eport u mad«. The interpretations or OPInIOnS axpresard represent the best’ ‘Judgment of Core Laboratories Inc laU errors and omu»lona ex-
cepted): bui S

Core Laboratories Inc. and Its offlttrs and employees. iBvunt no rerponrlblUty and. make no warranty or representation*. as to the produeO*1ty.

proper “operation, or profltabltness of any oU. gas or otntr minér*! *tU or aand In connection with which such report U used or relied upon.

-46-


http://xg.11

PLATE |

LEGEND

Stratigraphic Units
Ajt>-j Carmel Formation
« f "#!* Navajo Sandstone
7| T Kayenta Formation
| Tw  Wingate Sandstone

uw 2~ j Chinle Formation

2 KjFE5| MO33 Back Member of
" Easfigg the Chinle Formation

[+ -TmJ Moenkopi Formation

Upper Member ot the
White Rim Sandstone

White Rim Sandstone
H Member

Organ Rock Shate Tongue

Cutter
Formation

Cedar Mesa Sandstone
Member

Ppuvl Older Permian Strata, undivided

Stratigraphic Unit Contact Lines

(Dulwd whan ~cwioxkniMy tociMd)

——Conformable

——~— Unconformable

.I;:

fr

* >
“ FENCE DIAGRAM OF THE TAR SAND TRIANGLE, v I

i

' VCHTCAL EXAGGERATION - M

SOUTHEASTERN UTAH
? - CMHUI>MAIMI Ss A
5 G.F. Done, RL. Oliver, and JR. Elliott 7 £
I L ; 1984 * \ I
> P> 1 1




PLATE I

LEGEND
Stratigraphic Units

Index Map _7. Tk  Kayenta Formation
RME R<«E RME RTE R
T T
® ? Wingate Sandstone
pA » Chinle Formation
L) r.% s
T Moss Back Member of
0% the Chinle Formation
. 8 (1} $
¥ . Moenkopi Formation
Upper Member of the
Jz White Rim Sandstone
$ ® \-J 2 Pwr | White Rim Sandstone
. 3 Member
. ] F,J_ I I(::utler _
[ ormation
RME RISE R«E RI7E Organ Rock Shale Tongue

(Number* abov* w*i* corraapond to twee team in tabK)

Aj»emnj A€187 M«sa Sandstone
Member

Stratigraphic Unit Contact Lines
(OCaatwO wnara approMnattty located)

Conformable

—.— Unconformable

STRATOGRAPHIC CROSS SECTIONS OF THE TAR SAND TRIANGLE, SOUTHEASTERN UTAH

G.F. Dana, K.L. Olivar, and J.It. Elliott
19(4



’ -\‘IEMM

PLATE Il (CONTINUED)

Trw
00 Trw m

VERTCAL EXAGGERATION
- 26x

HORIZONTAL SCALE

N AAM N «ii (MM N Datum « Top of the White Rim Sandstone M iir A AN M

STRATOGRAPHIC CROSS SECTIONS OF THE TAR SAND TRIANGLE, SOUTHEASTERN UTAH

G.F. Dono, R.L. Oliver, and J.R. Elliott
19(4



PLATE Il (CONTINUED)

A1l VERTCAL EXAGGERATION
-26»

KWIZONTAI. SCAIE

STRATOGRAPHIC CROSS SECTIONS OF THE TAR SAND TRIANGLE, SOUTHEASTERN UTAH

G.F. Dona, RL. Olivor, and J.R. Elliott
1984



